The long-term aim of this study is to develop low cost technology for the poor rural dwellers of Nigeria along the coastal areas. To this end, a comparative evaluation of two basin type passive solar stills was undertaken by distillation of salty water. The solar stills were rectangular-shaped and pyramid-shaped type. Both stills were made of the same material and of the same size. The top of the rectangularshaped type is sloped and inclined 22 o to the horizontal in the north-south direction. The temperature analysis of the systems show that during the day the rectangular-shaped still performed better giving a higher basin and subsequent higher saline water temperature with lower glazing temperature when compared to the pyramid-shaped with lower basin and saline water temperature but with higher glazing temperature. The rectangular-shaped solar still gave an average efficiency of 36.8% while the pyramidshaped type performed at 28.9% efficiency. Hence the rectangular-shaped solar still in comparison with the pyramid-shaped type is recommended for use to especially people living in coastal areas.
INTRODUCTION
Safe drinking water remains inaccessible for about 1.1 billion people in the world (Gadgil, 1998) . Availability of plentiful and safe water for domestic use has long been known to be fundamental to the development process, with benefits, such as labour productivity, spread across all sectors. Most recently, the United Nations' (UN) General Assembly declared the period from 2005 to 2015 as the International Decade for Action, "Water for Life" (World Health Organisation, 2008) . According to Kalogirou (2005) "Water is one of the most abundant resources on earth, covering three-fourths of the planet's surface. About 97% of the earth's water is salt water in the oceans and 3% (about 36 million km 3 ) is fresh water contained in the poles, ground water, lakes and rivers, which supply most of human and animal needs." Nearly, 70% from this tiny 3% of the world's fresh water is frozen in glaciers, permanent snow cover, ice and permafrost. Thirty percent of all fresh water is underground, most of it in deep, hard-to-reach aquifers. Lakes and rivers together *Corresponding author. E-mail: ikejon85@yahoo.com. Tel: +2348063285864.
contain just a little more than 0.25% of all fresh water. The only nearly inexhaustible sources of water are the oceans. Their main demerit is their high salinity. Thus, desalination is a major way of making ocean water (seawater) accessible to mankind. Desalination refers to the removal of salts and minerals.
A variety of solar desalination devices have been developed (Goosen et al., 2003; Panchal and Shah, 2011) . Despite the continual technological progress in desalination methods, the conventional solar still continues to be a choice that can be made, mainly for remote areas, due to the known advantages it has, such as use of free energy without harming the environment, autonomous operation independent of conventional energy sources and need for simple technological and construction solutions that can be implemented locally (Mathioulakis and Belessiotis, 2003; Tiwari et al., 2003; Abdenacer and Nafila, 2007; Radwan et al., 2009) . Solar still uses the principle of distillation in its operation. Solar distillation is a technique to distillate water using solar energy. Distillation is the oldest and most commonly used method of desalination. It is a phase separation method whereby saline water is heated to produce water vapour, which is then condensed to produce freshwater. The (Duffie and Beckman, 1991). major energy requirement in the distillation process is providing the heat for vaporization to the feed water.
According to García-Rodríguez (2003) , since most arid regions have high renewable energy resources, the use of renewable energies in seawater desalination exhibits an interesting chance, or even the only way to offer a secure source of fresh water.
In this study, the performance of two different shaped (rectangular and pyramid shaped) solar stills were compared using saline water from Lagos bar beach. Many solar stills configurations have been investigated and published in literature, however none has considered the Pyramidal still (Fath et al., 2003) . Equally, Arunkumar et al. (2010) had concluded that the distilled water production rate can vary with the design of the solar still and location (latitude).
THEORY OF PASSIVE SOLAR STILL
The solar still operation is governed by various heat and mass transfer modes occurring in the system. In operation, solar radiation is transmitted through the cover and absorbed by the salt water and the basin (Figure 1 ). The solution is heated, water evaporates, and vapour rises to the cover by convection where it is condensed on the underside of the cover. Condensate flows by gravity into the collection troughs at the lower edges of the cover. Figure 2 shows the major energy (Q) flows in a still while it is operating. Energy transfer from basin to cover occurs by evaporation-condensation in addition to convection and radiation. The losses from the back of the still are to the ground. There is no useful energy gain in the sense of that of a flat-plate collector (Duffie and Beckman, 1991) ; still output is measured by the evaporation-condensation transfer from basin to cover. A thermal network is shown in Figure 3 , where the resistances correspond to the energy flows in Figure 2 .
Where T a , T b , T c and T g , are the ambient, basin, cover and ground temperatures respectively; G, τ c and q are the solar radiation, transmittance of the cover and water or droplets on its underside and heat energy; the subscripts, e, r, c, g and con represent the evaporationcondensation, radiation, convection, ground and conduction respectively.
An energy balance on the water in the basin (and the basin itself), per unit area of basin, can be written as basin itself), per unit area of basin, can be written as:
( 1) An energy balance on the cover is given as:
The radiation exchange between basin and cover is given as:
The convection energy transfer from basin to cover is given as:
where the convection coefficient h' c in a still is given as (Radwan et al, 2009 ):
where p wb and p wg are the vapour pressures of water in mm Hg of the solution in the basin at T b and of water at the cover temperature T g . The mass transfer rate (Kg/m 2 s) is given as (Duffie and Beckman, 1991) :
The experimental steady state efficiency (η) of the solar still is given as (Duffie and Bechman, 1991; Hamdan et al., 1999 ):
where A is the glass collecting area (m 2 ), h fg is the latent heat of water (J/kg) and is actual daily yield of still (kg/m 2 ). The objective of still design is to maximize D , which is proportional to the vapour pressure difference between basin and cover. Thus it is desirable to have the basin temperature as high as possible and glazing cover temperature as low as possible, which will increase the ratio of heat transfer by evaporation-condensation to that by convection and radiation (Mathioulakis and Belessiotis, 2003) . This has led to designs with shallow basins with small heat capacity which heat up more rapidly than deep basins and operate at higher mean temperatures.
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MATERIALS AND METHOD
The solar stills used are shown in Figures 4 and 5. They were developed at the National Centre for energy research and development, University of Nigeria Nsukka. Figure 4 is a pyramid shaped solar still while Figure 5 is a rectangular shaped type with its top inclined at an angle of 22° to the horizontal. The pyramid shaped solar still is designed so that water settling on the inside surface of the transparent top cover easily drips down and solar radiation can be received round the top while the rectangularshaped still is oriented facing south as recommended by Duffie and Beckman (1991) . Okonkwo (1993) suggested that a practical approach to flat plate solar collector is to tilt the collector along north-south direction at an angle from the horizontal to the local latitude plus 15°. The best stationary orientation is due south in the northern hemisphere. Therefore, the rectangular solar still is oriented facing south and tilted at 22° to the horizontal. This is approximately 15° more than the local geographical latitude During the study, four litres of saline water was poured into each of the trays for distillation. The water evaporates only to condense on the underside of the transparent cover, leaving other constituents of the seawater behind. The gentle slope of the glass directs the condensate to a collection trough from where the water runs out to a storage vessel. Periodically, the temperatures of the seawater, the base of solar still, transparent cover and the ambient were measured using I-Bk thermocouples. At sunset of each day the volume of water distilled in the container is measured.
RESULTS AND DISCUSSION
Results presented in Figures 6 to 10 are typical hourly averages as usual in a work of this nature where P and R represent pyramid-shaped and rectangular-shaped solar still respectively; b, g and w represent basin, glazing (cover) and saline water respectively; 1, 2 and 3 represent 24 th , 25 th and 26 th May, 2011 respectively, the days the study was done.
It was observed that as sun begin to rise from 06:00 h, solar radiation value started increasing till it reached its peak period between the hours of 13:00 and 14:00 when the sun is vertically overhead (Duffie and Bechman, 1991) . After this, radiation value started decreasing till sunset at about 18:00 h. Among the three days selected, May 26th recorded lowest radiation values. These low values were as a result of the cloudiness of the weather on that day. It was also noticed that all the temperatures measured varied in sympathy with the solar radiation. From Figures 6 to 8 , it was observed that the saline water temperatures in pyramid-shaped still were lower than that of rectangular shaped still. Figure 9 shows the basin temperatures for the stills. From Figure 9 , it can be seen that the basin temperatures for the rectangular shaped still were for the three days reading higher than the pyramid-shaped one in all points. These values are in Figure 10 show that pyramidshaped still has a cumulative higher daily glazing (cover) temperature than the rectangular-shaped type. Considering, Figures 6, 7, 8 and 9, higher temperature of saline-water in rectangular shaped still leads to higher rate of evaporation of water from its basin than that from pyramid-shaped still. However, from Figure 10 , the lower temperature readings of glazing cover of rectangularshaped still causes the evaporated water to condense on the cover faster than that of the pyramid-shaped still thereby giving higher condensate yield from rectangularshaped type (Table 1) . This is in agreement with equations 5 and 6. This yield when computed using equation 7 gives efficiency of the two stills as shown in Table 2 with rectangular shaped still having an overall higher average efficiency. This is in agreement with an earlier work by Fath et al. (2003) in which they found that the single slope (rectangular solar still) was slightly more efficient than the pyramid-shape one, while both designs had equivalent basin areas, the pyramid-shaped still had a greater glass area, which caused more heat to be lost to the environment. Table 2 shows the stills efficiency calculated using equation 5. The average efficiencies of rectangularshaped and pyramid-shaped stills are 36.8 and 28.9% respectively. The efficiencies of the stills are comparable to values for passive distillation (Azi and Iyoha, 2007) .
Conclusion
The efficiency of two basin type passive solar stills developed at the National Centre for Energy Research and Development, University of Nigeria, Nsukka were compared by distillation of Lagos Bar beach. The temperature analysis of the systems shows that during the day the rectangular-shaped still performed better giving a higher basin and subsequent higher saline water temperature with lower glazing temperature when compared to the pyramid-shaped with lower basin and saline water temperature but with higher glazing temperature. The rectangular-shaped solar still gave an average efficiency of 36.8% while the pyramid-shaped type performed at 28.9% efficiency. Hence the rectangular-shaped solar still in comparison with the pyramid-shaped type is recommended for use to especially people living in coastal areas.
